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PROBLEMS OF THE PATHOGENWESIS OF THE UﬂOBSTRﬁGTEB
FORM OF HYDROCEPHALUS IN CHILDREN

© [Pollowing 1s the‘translatibn of an article
- ‘b?: Bo fi IﬁlOSOVSkiy, Bo VQ LEbEdev, . & -
rin entitled Voprosy Patogenerza Otkrytoy Formy
Gidrotsefallli u fotey (Ingllsh version above),
in Voprosy Neyrokhirurgli (Problems of Neurc-
surggﬁyé? gol. ¥%1v, No. 3, Moscow, 1960, pa-
~ ges 54=57.. ‘ o

From the laboratory of the study of brain development and
the neuropsychiatric department of the Ihstituté of Pediatrics of the

Academy of Medical Sciences USSR,
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Iﬁ this work we should iike to direct attention to a'diétihc
tive complex of sﬁmpt&ﬁs in children which is exﬁresséd'in an increase
of intracranial pressure, dilatétioﬁ of fhe ventricles and stbarachndié
spaceé againsf the background of complete 9Atency of thé spinal fluid .
communications, fhis sympﬁoﬁ complex ie encountered in children quite

often and therefore deserves speciél description.'

In a period of six years there were 160 children in the
‘ peuropsychiatric clinic of the Institute of Pediatrics of the Academy of

Medical Sciences USSR with organic lesions of the central nervous system,
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¥in which, in the absence of"gengrglkinfections, intoxications or
meningoencephalitis, the clinieal characteristics of these children
améuﬁted primarily ﬁo mental'retardation, at times very much Pzénounae&.
They had diffuse and fccai lésibns.of the nervous syséem in.the form of
péreses an& paralyses, athétosis, spasms, ete, In all cases, the child-
bren héd infarﬁation in theif'hiétory concerning a pathological course of
pregnancy in the mother as a fegult of endocrine disaases,'vitaﬁin defic-
iency, aﬂemia, the axhbustion  of her chgmicaliand mechanical forces for
‘expelling the fetus or a history in which the child had suffered birth
- trauma or asphyxia at birth. |
In 54 children the gpinal fluid pressure in'a position @f
lying on the side under conditions of a calm wakeful state was within
limits of 200-300 millimeters of -ﬁater; in 49 chf.mrén, within limits of
300-400 millimeters; in 51 children, within limits of 400-500 millimeters,
and in eizx children the intracranial preasuf& was higher than SCO milli-
meters of water. The fluid was.colariess; ﬁbélgell count did not excead
eight cells per cubic millimeter. The protein content was always decreased
A (0n033~03066 pes thousand),
| The pneumoencephalographic investigation was performed in all
children, It showed completé patency of the Qentricuiar syster and of
:the subarachnoid spaces. In the_majprity‘of'children a dilatation of the

L . '
ventricles was seen on the pneumoencephalogram. In their lateral
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ventricles the  anterior horns and the middle portion were always
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dilated to & much greater degree than the posterior and inferioi horns,
Not‘uﬁcommﬁnly, there were inlet-like dilatations of the 1ateral veatricles.
In‘the'frogtal projection the lumen of cné ﬁgnﬁriale was 1arger; frequently,
and had a different shape from that of the opyosité lateral ventricla.
The third veﬂ;ricla, which nofmally Eas the shépe of é nafroﬁ slit, was
oval or even rqunded, evidently because of a bilateral at:&phy or hypoplasia
of the thalamus, Diiétationbdf the aqueduct of Sylvius.was‘distigct, but’
.rarely reached a considerable degree. The fou?th ventricle

showved a very mcderate‘dilatatian. The subarachnoid spéce was well filled
witﬁ sir. However, here, instead of a deliéate reticular pattern we noted
éﬂ acc#mulation'of air along the ﬁoui&e of sulci.  In the area pfbthe frontal
and parietal lobes the accumulation of air.#as of a cystic nature; not
uncommonly, the subarachnoid space was generally dilated here. The cisterns
at the base of the braiﬁ vere always dilated,

Let us present some caée,histories,

1. Serezha M., age one year and six months.. He was admitted
to the clinic for a 1#@ in physical and mental development., His éarents
were healthy; pregnancy in the mother had been normal. Twing

were delivered in the seventh month; the wother had weak parturient activity.

The boy was born first,’weighed 2400 grams, cried immediately but weakly.
. o . : p
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"The second child was a girl weighing 1800 grams; she died after several

days, as a result of cerebra} hemorrhage at the time of delivery., In
the iying«in howe the boy was in & sarious éondition, and bégan to suck
on the fourth day. The follawiﬁg diagnasis was made: birth trauma,
hemorfhage into tﬁe brain.v

At the time of admission the following were found: welght,

2040 grams; height 75 centimeters; circumference of the head, 47 centi-
meters., The anterior fcntanelle was 2x2 centimeters. tHe did not hold his
head up, did not'aigqrsupgort : himself on his feet., ~ He could
fixate hxs gaze, gmiled 'reacted poorly to toys, and éald nathing There
was a convergent strabismus on the right fiattﬁnlng of ‘the right naseiébial
fold. There was an increase iﬁ tone in the arm flexors, more on the right,
and of the abdgctor muscles of the thighs; The knee reflexes were consid;
erably increased. There was a pronounced athetosis of the distal portions
of the arms and of the musculature of faciél expression. ‘Thére was a general
hypereéthesia;‘

The intracranial ?resSure'was 300 millimetérs of mercury, The
cell count in the spinal fluid was three; the protein %as 0.066 per thou-
sand; the Wasserman reaction was negative. On the pneumocencephalogram --
the lateral ventricles were dilated and somewhat defcrmed. Thére was éystic

dilatations of the subarachnoid spaces, chiefly in the frontal areas,
. A




2. Vasyé M., age eight months., Was admitted because of a‘
lag in psychophysielogical development.. The parents were healthy.~ The
mother'sipregnancy.had proceeded éétisfactarily. Delivery wass at term
and 1aéted about three days. A day after discharge of the amniotic £luid
the child was extracted bﬁ-Caesarién section. Hise Qeight was 3700 grams,
He did not‘c:y tmnediately.

At thg tiﬁe of adwission the fdllowing were Ffound: Weight,
7330 grams; height, 70 ceﬁtimetetsi circumférence of the head, 46.5
centimgters. He swallowed poorly. He réacted weakly to his surroundings,
did not fixaie hi; gaze, cquld nbt bold his head up,”did not see indcpendv
ently and could not support himself on his feet, The muscle tone was
in;reased in the‘hands and feet. kThere was athétosis'of the facial muscul-
ature and of the hands. Tbe'dptic fundus was unchangédf The intracranigl
pressure was éSO millimeters of wvater. ‘The cell ccunt'in'thé spinali
fluid was eight cells per cubic millimeters; the pfqtein ﬁas_o.l.per
thousand. The Pandy and Wasserman»reactionslwere negative, On phneumo=
encephalogfaphybthere was a dilatation and deformation of the lateral
cerebral ventriclés, pyst-like dilatations 6f the éubarachnoid spaces,
particularly in the frontal, parietél and occipital areas.

An increase in the intracr;nial éreésure, dilatatign of the
ventriéles and subarachnoid spaces of thé bréin is what we cﬁaracterize

as a symptom¥comp1ex of unobstructed hydrocephalﬁs. Here, 4
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hydrocephalés is of an active nature and theveby is markedly different
from those residual signs whexe dilstation of the ventricies and sub-
arachnoid Spacés ig noted against the background of a nowmal ox reducaé
intracranial pressurg‘and, therefore,; hydrocephalus has already been
completed as a prdcess (hydrocepbalus éx vacuo) . Thgrefore, in the cases:
ghich we have described we consider the main pﬁenomenon to be increased
intrazranial pressure.

What is the origin oflthe ﬁﬂobséructgd hydrocephalus in the
children vhom we examined with thg consequences of disturbancea in intra-
uterine development and with consequences of birth trauma and asphyxia?
It is more convenient to begin a discussion of this ﬁitﬁ the analysis of
the possible mechanisms gf disturbance of circulation of thé spinal fluid
in children who ha&e sustained birth trauma. ”

As ig well knewﬁ, birth trauma qf the brain is expressed in
injury of the sinuses, of the biood vessels of the brain surface,’in the
entry §f blood into the subéraéhncid sﬁace,'in traumatization of the
braic matter wi;h rupture of blocd vessels and the fotmatién‘gf hemorr=
hagés in various parts of ﬁhe_brain, subcortical muclei and brain stem.
It is customarily considéred thét whan blcod énters the subarachnoid
space an ageptic'meningitis develops with a‘subsequent fibrosis of the

pia mater, and sometimes with obliteration of the gubarachnoid spaces,
t- ' S E i
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These’factors are considered the cause bf disfurbance»inlﬁhe spinal
fluid circulation and of a change in the neurologiéai status of the
child subsequently (Bagley, 1928; Parker and Lehman; 1936; Sharpe and
Maclaire, 1924). Important significance in the origin of hydrocephalus
is ascribed also to a marked incregﬁe in thé osmetig préssure of the
spinal fluid when blood enters it {ste, 1929);

In the literature, we have been unable to find apy‘wmrks,
however, in which the changes in intraéran;a1.§ressure have beesn studied
in the late periods after subarachnoid hemorrhages. The data, which
deal with adults, show that here, despite a certain reaction of the menin-
gesv(cystic arachnoiditis), the intracranial pressure is even reduced after
the acute signs subside (8. V. Gol'san, 1949) . |

In auf investigations we have imitated birtb trauma, destroy-
ing the Iongifudinal éinus over a considerable'egtent in three-four-day-
old puppies and part of theiconvexvsurfaca of the cerebrum., In addition,
the animals were.subjected to sublethal asphyxia. Here, blood entered

- a _ ' ' :
the subarachnoid space in,large quantity. However, by measuring the
jntracranial pressure in the animsls ome to five months after the
procedure, we coul& not in any case find any increase iﬁ i; (V. R, Purin).
This makes us take a sceptical attitudg toward the idea that incréased
pressure in the spinal fiuvid in the children‘ whom we examined with

the comsequences of birth trauma and asphyxia occurred as a result 4
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¥ of the entrance ofﬂblood into the subaraéﬁnoid space. 1‘
In patients whom we observed, it Qas’impdssib1e>ta éuSPect

any h?persecretian of the spinal fluid, Casecs of bydrocephgius des-
crﬁbed in the literature, which oecurred as the result of increased
spi;al ﬁluid'formation; are gsolitary. Eﬁré, the main cause of hyfer—
secretion of the spinal fluidiwas shown at autopsy te be a tumor-like
proiife?gtion of the vascular plexuses of tﬁe braih (Davis, 1924).
Recently, communications have appeared which make fhé‘hypersacretgry
nature of hydrocephalus in papillomas of the vascular plexuses doubtful,
because, on the 6na haﬁd, there is no proof of increased spinal fluid
pfoduction by the papilloma; on the_other hand, the gecretion whicﬁ it
produces exerts an irritative éfféct on the'ependyma and can lead to a
granular epenéymiﬁis with subsequentbqbétrﬁcticn of the aqueduct of
Sylvius or to an adheéive.proaess in the cisterns af‘the base of the
brain (Russel, 1954}. Iﬁ is important to note thg fact that in children
with the late consequences of brain injurie; at eérlyvstageg of éevelop~

. ment atrophic'cﬁanges in the vasculai plexuséé.aré fcﬁnd {B. N. Klosovskiy
and M, Ya. Turztskiy). Therefore, it is more correct to look for thé
cause of increase in inéracranial pressure in:the children in whom we
investigated in a disturbanée in the spinal fluid resorption.

Current investigatiéns on the development of the spinal fiuid

‘ v system in the course of ontogeny and of its activity in adults show -
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¥ that the spinal fluid penetrates into the brain matter from' the cerabfgi
ventricle and éubmeningeal»s?ace;,'aomés into contact.with the brain
eieﬁents, gnd is rescrﬁed afterwards by a powerful Qenoﬁs ségment of the
vascular-capillary network of the brain.

During the intrautefina pericd, and'in_the child a.certain
time after birfh the spiﬁal fluid provides the brginvwith,Special prgtein
gubstances which contribute to its rapié.growth; Afterwards, losing thg
tro?hic'funcgions,‘the spinal f£luid dissolves the metakolic pro@ucts of
neyve tissué with its own enéymes5 contributinc'to thelr exeretion. into
the blecod. 1t haq been shown also that the paésage of splnal fluld th?ough
the brain substanca is not‘a simple impregnation but ratner represents an
sctive process brought about by the activity of the brain matter (B. H.
Klosov kly, 19&? V. R, Purin, 1958; M. § . Volzhina, 1960)

Acco*dinﬂ to the ohservations of B, N. Klosovskly (19&?)
condition of the vegetative nervous system exerts a great influence on
the level of intracranial.pressure.A Thus,‘for exaﬁple in the case# where
the brain swells ﬁp iﬁ is possible to cause a reductién in the intracranial
pressure by the intravenous injection of glgcose with ephédrin. Thé.
latter possasseé an éxcitaﬁory effect on fhe sympathetic nervous syspemk
In experimgnts on gnimals a rapid re&uctién in the intracranial pressure
was achieved by stimulation of the sympathetic nerve in the neckv(B. R

Klosovskiy, 1944). Here, a certaln narrowing of the attéries and 4
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g dilatation of the veins on the brain surface is observed, because of

which better‘coﬁditions are crgated for the absorptiOﬂbof spinal fluid.
V. R, ?urin (1958) in expeximents on animals establi%hed tﬁe fact that
during the active state of the brain, particul&rlyvduring excitation,
the spinal fluid is actively absorﬁe& by the brain substance and is rap-
idly excreted from it into the biood. Correspandingly, the intracranial
préssure in these cases is low, On the other hand, during sleep the
activity of the absorption processes of the spinal fluid decreases sharpj
vly, and the intracranial pressure is increased. The activity of the spinal
£fluid system is dirvected, therefore, tﬁward a‘saﬁisfaation of the reguire-
ﬁants of the brain metabolism, and the conditions of absorption of the
‘spinal fluid ave deterﬁined by‘the nature of activity of tﬁe nervous
tissue.

On examination and evéryday observation of the children with
the late ceﬁsequeﬁcas of brain injuri@s at tﬁeearly stages of development
we were always struck by the inactiﬁity of the majority of the children
and their areactivity. They were not activeiy awake, a cénditidn which

: the ' o '
is so chavacteristic of,normally developing child. In those cases where
the behavicr‘of the children was restless, their exciteﬁeﬁt was more of
"a subcortical nature.-'This undoubtedly is the resﬁlt of the 10& level
of metabolism qf the nerve cells of the cerebral cortex.

The cause of these metabolic gigturbances and reflex
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brain activity in cases which we heve are describing were disturbances

in the éarebral devglopment as a rvesult of the effect on it of injurious
factors during pregnancy, and in children who have Suétained birth trauma,‘
evidently,b,; injuries.to thé nuclgi of the b:ain stem, uhich regulate
the circulation in the brain ;nd its water metaboliswm. Thé latter
sup?osition is ccnfixméé by B. H. Klosovskiy's data concerning the change
in the cerebral vaséular tone as well as swelling of the brain with stimule
ation of certain brain stem nuclei and éf‘the hypothalamus, These 6bsefv-
ations are confirmed now by many iuvestigators (I; A, Prikhbdchanko, 1555,
Yu. . Kvitnitskiy-Byzhov, 1955 and others).
: ' tle .
Based both on,clinical and experimental data we believe that

specifically the low level of activity of the nerve cells of the brain
to a considerable dégrae is responsible for the pefsistent.in;rease in
intracrenial pressure in the children gnder ouy obsgrvatioﬁ. Suag relation~
ships have been noted alsqvin other conditions. For examplg,_it.in congeniﬁal
myxedamz in chiidren a high inéfécranial pressuré hés always been noted,
This contributeé'to a low level of ﬁrain metabolism, After'treatmgnt
with thyroid and aloe extract, simulténQQUSJy‘Qith the activation of reflex
cerebral activity and activation of the wmetabolic proceéses the intracranial
pressure is reduced (¥. F. Yankova, 1960}, s

We must suppose that at first the increase in intracranial

pressure is adequate for the particular_functional'condition'of the




nerve cells; the conditions éf iﬁcréased intracranial pressure are
jnst_aé adequate and necessary for thz occurrence of ﬁetabolic.pfocesses
in the nerve cellsvduring sleep. However, afterwards, specficiazly as
a result of its chronlc nature the 1ucrease in gntracranLaI pressure
can iead to a retardation in rerchral develo?ment and a partial atrophy
of tha brain substancg, This may be observed also experlmentaxly
{z. . Kiséleva, 1951 H. S, Volzhina, 1952).‘ In cﬁr opinion, therefore,
dilatation of the subarachnoid space, &ilaﬁétimn'cf:tpe ventricles,
that is, hydrocephalus, ‘ has a secondary origin, being the result of
"a chronic increase in intracranial éressure.
It is well known tﬁaﬁi'
the parts of the brain in‘which the formative
processés oecur acﬁively are more vulnerable. Here, the predominant
involvement cf‘ffental and parietal lobes in the case of unobstructed
hydrocephalus - in aﬁiidreﬁ'can be eﬁplained. The parietal, and particulafly
the frontal, lobes belons to the parts of the brain which mature iate.
In them the processes of myelinization, dendrite formation aad tHe
creation of the blood vessel'arﬁhitectonics‘occuf for a 1opger time,
Raturally, in the postnatal period they aré more sensitive to the harmful
viﬁfluance of high intracranial pressure.
It ié very important to note further that, as the expérimental
research of Z. M. Kiseleva and N. S;Voizhina has;,showﬁ'(1951, 1852),
elimination of increased intracranial pressure, if.we are dealing with

v young animals, leads to the activation of compensatory processes in

-
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fthe brain and, particularly, to a considerable activation of the growth

of capillaries in the cerebral cortex.

o Based on the idea preseﬁted of the pathdgemegis‘of unochstructed
hydrocephalus in children with the late consequences of cereﬁral injury
at early stages of develogment we are-stri§ing for the attainmentvéf'
the following goals in the aoﬁrsé of treatment:

| 1) To increase the level of metabolism and exciﬁability of

thé_nervé.cells of the brain by means of drugs, vitamin therapy and a
cdmbinaéioﬁ pf routine and' training measures; the latter of
necessity includgs stimulaticn of the activity of analyzers and chiefly
of the vestibular analyzer; - |

2) to ;educe-the intracranial pfessure,by means of taps and
dehydration therapys the combined injection of hypartonic solutions and
ephedrin which possesses a‘syﬁpathicotropic gfféct_ is expedient; ?ecently,
we have been using phonurite (aiamox) for this pufpose;A

3} to use aloe extract injections as additiénal therapy for
the children; this stimulates thg activity of nerve cells and the growth
of brain capillaries.
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